A study was carried out to investigate the effects of feeding low quality non-conventional feeds (NCF) containing phenols and condensed tannins on health and performance characteristics in Omani sheep. Twelve Omani sheep were fed one of two base roughages, urea-treated palm frond (UTPF) or Rhodesgrass hay, (RGH) plus a commercial concentrate for 63 days. Haematological, serum biochemical and urine analyses were used to assess sheep health. Serum protein fractions were measured using electrophoresis. Urea-treated palm frond contained higher levels of polyphenols and condensed tannins and fiber than Rhodesgrass hay or concentrate feed. Animals fed UTPF had lower feed intake (P<0.05) and lower body gain (P<0.001) than those fed RGH. Rumen liquor of UTPF-fed animals had higher pH, ammonia-nitrogen and butyric fatty acid but lower acetic fatty acid (P<0.05). Animals fed UTPF had higher neutrophil (P<0.05) but lower lymphocyte (P<0.05) and monocyte (P<0.001) counts by the end of the trial than those fed RGH. There were no effects of diet on serum albumin or globulin fraction levels or albumin:globulin ratio. There were no major effects on urine analysis but there was a trend by control animals to have higher protein and specific gravity than treated ones. This study indicated that feeding low quality non-conventional feeds containing polyphenols or tannins would reduce body gain and may produce some effects on clinical parameters. Although tannins are known to influence protein digestion and absorption in ruminants, it did not significantly affect the serum protein picture in sheep.
‫العواًً‬ ‫الضأى‬ ‫فً‬ ‫الكرش‬ ‫وخصائص‬ ‫الحيواى‬ ‫وصحت‬ ‫البروتيي‬ ‫صورة‬ ‫على‬ ‫الوكثف‬ ‫والتاًيي‬ ‫الفيٌوالث‬ ‫على‬ ‫الوحتوي‬ ‫العلف‬

Introduction
nimals raised on natural range grazing in the dry tropics are customarily fed low quality non-conventional feeds such as agricultural by-products. These feeds are usually high in fibre and low in protein, minerals and vitamins. They may also contain secondary plant compounds such as polyphenols and condensed tannins which may have antinutritional effects [1] . Tannins which protect plants from degradation in the rumen are reported to significantly affect protein digestion and utilization. They form combinations with proteins in the rumen rendering them unavailable for digestion and consequently increasing their output in faeces [2, 3] . In non-ruminants they interfere with nutrient digestion and promote excretion of endogenous nitrogen through the formation of tannin-enzyme complexes [4] . There are some reports that they might also cause physical damage to the digestive system [5] and other vital organs such as the kidney and liver [3] . However, there are no reports on the effects of these compounds on the blood protein picture.
Especially in growing animals, protein and amino acid metabolism which accounts for 20-30% of whole body protein turnover and energy expenditure, is a function of the gastrointestinal tract tissues which amounts to only 3-6% of body weight [6] . This is mainly because of their relatively high fractional rates of protein synthesis and oxygen consumption which is several fold higher than that of the peripheral tissues such as muscles [6] . Maintaining an adequate feed supply to the intestine orally is essential to maintain the intestine's major functions of digesting and absorbing nutrients and serving as a biological barrier against pathogens, toxins and antigenic molecules [6] . Therefore, the oral route is extremely important in this regard especially in young animals. For instance, in non-weaned pigs the input of amino acids from the luminal route is far greater (67-90%) than the arterial circulation (11-21%), particularly for glutamate and glutamine. Consequently, it might be hypothesized that agents which interfere with protein digestion and utilization, such as polyphenols and tannins, can influence the general protein picture including that of the serum. Electrophoresis is a useful technique for studying serum protein and it can provide useful information for determining the cause of increased, decreased or disproportion serum protein, which is usually related to an increase in immunoglobulin, except in cases of dehydration [7] .
Feeding NCF to animals may not only reduce body weight growth rate but may also affect their health status and ability to withstand diseases. Macro (energy and protein) and micro (vitamin and mineral) malnutrition negatively affects the immune system, rendering animals more prone to diseases [8] . Feeding animals for extended periods on certain range land plants containing high levels of anti-nutritional compounds has been reported to produce detrimental effects on animal health [9, 10] .
Studies on feeding feeds containing anti-nutritional factors mostly report effects on feed intake, body weight growth, digestibility of feeds, and rumen chemistry and biology. This study aimed to investigate the effects of feeding these feeds on the protein status, clinical profiles and rumen chemistry in sheep.
Materials and Methods
Twelve 1-year old male Omani native sheep (body weight 31.8 ± 1.2 kg) were used in a 63-d feeding trial with a completely randomized experimental design including two types of roughages; Rhodesgrass hay and urea-treated palm frond. The animals were also fed a commercial concentrate beside the roughage. Animals were daily fed 300 g of the concentrate for the first month then 400 g thereafter plus ad libitum roughage. The UTPF was prepared by adding a 4% commercial urea solution to the chopped palm fronds and ensiling for 60 days. Water and mineral blocks were offered ad libitum. The blocks (Frank Wright Ltd., UK) contained 400 mg/kg cupric sulphite, 200 mg/kg manganous oxide, 120 mg/kg zinc oxide, 124 mg/kg BMP-cobalt carbonate, 190 mg/kg calcium iodate, 10 mg/kg BMP-sodium selenite. They also contained 36% sodium, 1.3% calcium, 0.23% phosphorus, 0.30% magnesium and 40,000 iu/kg Vitamin D3. Daily feed intakes were determined and animals were weighed bi-weekly.
The proximate chemical composition of the various components of feeds was determined according to the standard methods of AOAC [11] . Dry matter (DM) was determined by drying in an oven for 24 hours at 80 ºC (method 934.01). Crude protein (CP) was determined using a Foss Tecator Kjeltec 2300 Nitrogen/Protein Analyser (method 976.05). Fat (EE) was determined by Soxhlet ether extraction of the dry sample, using petroleum ether (method 920.39). Ash content was determined by ashing samples in a muffle furnace at 500 ºC for 24 hr (method 942.05). Acid detergent fibre (ADF) was determined using cetyl trimethyl ammonium bromide (CTAB) and 1N H 2 SO 4 as described by Roberston and Van Soest [12] . Neutral detergent fibre (NDF) was determined using sodium sulphite and sodium lauryl sulphate as described by Van Soest et al. [13] . Alpha amylase was not used to determine NDF. ADF was expressed with ash whereas NDF was expressed without ash. Calcium and phosphorus were measured with an atomic absorption spectrophotometer (Philips Model PU 9100, single beam). Gross energy (GE) was measured using a bomb calorimeter.
Levels of phenols and condensed tannins were analysed following the methods of Makkar [14] . Condensed tannins were determined by extracting 200 mg samples overnight in 10 ml aqueous acetone (70:30 acetone:water) solution at 4 C. After centrifugation (3000× g at 4 C for 10 min), the supernatants were analysed for condensed tannins using leucocyanidin standard. Total extractable phenols are expressed as gram equivalent tannic acid per kilogram dry matter. Extractable condensed tannins are expressed as gram equivalent leucocyanidins per kilogram dry matter.
A
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Rumen liquor was collected at slaughter, strained and pH was recorded. Liquor was centrifuged and the clear top liquid used for the estimation of ammonia-N by reading against optical density at 540 nm in a UV-Visible spectrophotometer (Thermo Spectronic Corporation U.K.; Type Helios Beta Model).
Ten mL of blood samples were collected from each animal in plain glass vacutainers or with EDTA by jugular venipuncture on the last day of experiment. They were analyzed for: red blood cell count (RBC), packed cell volume (PCV), haemoglobin (HGB), mean corpuscular volume (MCV), mean cell haemoglobin (MCH) and mean cell haemoglobin concentration (MCHC) and differential white blood cell count (WBC) of Neutrophils, Lymphocytes, Basophils, Eosinophils and Monocytes using a CELL-DYN 3700 blood analyzer (CELL-DYN 3700; Abbott Laboratories Diagnostic Division, Abbott Park, IL 60064, USA). A Giemsa stained blood smear was prepared for each sample. Serum samples were analyzed for glucose, blood urea nitrogen (BUN), albumin, creatinine, total protein, alanine aminotransferase (ALT), gamma glutamyl transpeptidase (GGT), magnesium (Mg), calcium (Ca), phosphorus (P) and iron (Fe) by spectrophotometric analysis using a CX7/CX7 serum chemistry analyser (Synchron, Beckman).
Total protein quantification was carried out using the Bradford protein assay method which is a reliable procedure for determining the concentration of solubilized protein. It involves the addition of an acidic dye to a protein solution, and subsequent measurement at 595 nm with a spectrophotometer or microplate reader. A NanoDrop® ND-1000 Spectrophotometer and bio-rad protein assay reagent were used to quantitate the total protein. Serum Protein Electrophoresis (SPE) was used to determine levels of two major protein groups, albumin and globulin in the blood serum. Using protein electrophoresis, these two groups can be separated into five smaller groups (fractions): Albumin, Alpha-1 globulin, Alpha-2 globulin, and Gamma globulin. The Paragon Electrophoresis System (Beckman, USA) was used to separate the two blood protein groups and the mobility pattern was visually interpreted and quantitated by densitometry at 600 nm, on a Beckman APPRAISE densitometer, in which the relative percent of each protein fraction is calculated automatically.
Urine samples were collected at the end of the experiment using a syringe to collect urine directly from the urinary bladder. They were analysed for blood, urobilinogen, bilirubin, protein, nitrite, ketones, ascorbic acid, glucose, pH, specific gravity and leucocytes using URYXXON® 200 equipment and Combi 11 urine strips.
Data were subjected to the analysis of variance [15] to study the effects of diet using the general linear models procedure [16] . Significant differences between treatment means were assessed using the least significant difference procedure at P<0.05 level.
Results
There were significant differences in chemical composition between the UTPF and Rhodesgrass hay. UTPF contained higher levels of fibre, ash, Ca and phosphorus but lower hemicellulose (Table 1) . It also contained four times the total extractable phenols and much higher condensed tannins compared to the conventional feeds (Table 1) .
Animals fed the UTPF consumed similar daily amounts of concentrates (Table 2 ) but less roughage than those fed RGH. The UTPF-fed animals gained less body weight over the experimental period (3 vs. 70 g/d) than those fed the RGH. The UTPF-fed animals maintained their weight throughout the trial.
Haematological values of experimental animals were within normal values reported for sheep. However, animals fed the UTPF had higher neutrophil (P<0.01) but lower lymphocyte (P<0.01) and monocyte (P<0.05) counts at the end of the trial compared to the RGH-fed animals (Table 3 ). There were no dietary effects on the serum biochemistry parameters measured (Table 3) .
The serum protein profile is presented in Figure 1 and Table 4 . Serum protein electrophoretograms exhibited a normal pattern. The serum albumin in treated and control sheep averaged 7 G/dL, while the total globulin was 12.7 G/dL ( Table 4) .
The albumin proportion was higher (54%), resulting in an albumin/globulin ratio of 1.3. Within the globulins, the highest proportion was made up of the Gamma globulins (3 G/dL, 24%) followed by Beta globulins (9%) and Alfa 2 globulins (7.5%), whereas the smallest proportion was made by Alpha 1 globulins (4.%). However, there were no significant treatment effects on the various protein fractions. However, there was a consistent trend of treated animals having higher albumin and Gamma globulins (Table 4) .
Visual examination had shown that urine from NCF-fed animals was turbid and brownish in colour. Urine analysis indicated a trend of elevated levels of protein, leukocytes and specific gravity in animals fed UTPF compared to those fed Rhodesgrass hay ( Animals on UTPF had higher rumen ammonia-N (P<0.05) levels and their rumen pH was higher (P<0.01) than those fed Rhodesgrass hay (Table 6 ). They also had significantly lower acetic acid but higher butyric fatty acids than the controls (Table 6 ). 
Discussion
Feed composition analyses indicated that animals fed the urea-treated palm fronds were subjected to a lower nutritional regime compared to those fed the Rhodesgrass hay as the UTPF had much higher fibre contents than the RGH. UTPF has been reported to have lower digestibility coefficients and sheep fed on it produced larger volumes of faeces and had lower viscosity of gut contents, a characteristic of highly fibrous diets [17] . Moreover, the UTPF also contained higher levels of phenols and condensed tannins that are known to have anti-nutritional effects [18, 2] . This would have further reduced its nutritive value, resulting in animals consuming less feed and gaining less body weight. Although the nutritional insult was not severe enough to cause experimental animals fed the UTPF to lose body weight, the diet characteristics indicated that animals that consumed them had been subjected to malnutrition. Malnutrition was defined by [8] as an "inadequate or unbalanced diet, or a failure to absorb or assimilate dietary elements". If severe enough, malnutrition may produce detrimental effects on the animal body. These may include macronutrient deficiencies that may lead to body cell mass depletion and micronutrient deficiencies that may impair body immune function [8] .
Animals fed the UTPF would have ingested considerable amounts of condensed tannins as they had consumed approximately 550 g/d of UTPF. Similar levels of condensed tannins in sheep have been shown to reduce protein degradation in the rumen and increase protein flow to the intestine [19, 20] . A digestibility trial using UTPF with sheep [17] , indicated classical features of tannin-containing feeds in ruminants. A higher level of nitrogen in the faeces (less nitrogen retention) is a characteristic of dietary tannins, which bind to proteins in the rumen and consequently reduce digestion and absorption in the gut [4, 5, 2] . Tannins also form complexes with carbohydrates and minerals and inhibit microbial and digestive processes in ruminants [2] . Therefore, the presence of condensed tannins in the UTPF in the current study could have resulted in depressed rumen digestibility [18] .
The UTPF-fed animals had higher rumen pH values than those fed Rhodesgrass hay. Ammonia-N and pH are indicators of rumen fermentation efficiency. This suggests that these animals had lower fermentation levels, which produced less volatile fatty acids, especially acetic fatty acid, as confirmed by chemical analyses of rumen liquor. Contrary to the findings of Mahgoub et al. [17] , ammonia nitrogen levels in the current study were higher in UTPF-fed animals than in Rhodesgrass-fed animals. This could mainly be attributed to the fact that palm fronds in the current experiment had been ensiled in a solution of higher urea levels (4%) which must have increased non-protein nitrogen levels in the rumen. This was reflected in diet chemical composition. Higher nitrogen levels in the faeces are usually accompanied by lower urine nitrogen level, a characteristic of animals fed condensed tannins [H.P.S. Makkar, personal communication, 2007 and 17] most probably due to the higher proportion of nitrogen excreted through the faeces.
Generally the serum protein fractioning was of a normal picture, as indicated in the electrophoretograms and individual animal values. However, there was a pattern of lower albumin and higher globulin levels. Albumin, produced by the liver, is major protein within the blood, and its levels are reduced by malnutrition and chronic liver disease such as cirrhosis. It appears that the UTPF feeding did not produce enough insult to produce severe malnutrition or affect the liver of the experimental animals. Globulins play an important role in immunity (e.g., IgA, IgG, IgE). The trend of slightly higher globulins in treated animals may indicate some effects of tannins on the immune system, most probably indirectly through the leptin axis.
This lack of effect on the protein picture suggests that, although tannins are known to interfere with protein digestion and utilization [2, 17] , apparently they did not affect the serum protein pattern in the current study. This could be due to the lower dosages and levels of tannins and polyphenols used in the present study. Although they did not gain much weight, UTPF-fed animals did not show explicit signs of disease such as diarrhoea, constipation or anorexia. This could be mainly attributed to genetic disease resistance in such animals of the arid tropics, which have been naturally selected over generations for survival and ability to utilize low quality feeds. However, negative health effects may be produced and go unnoticed in animals fed under similar systems. The lower [17] . Animals fed the UTPF had lower body weights compared to those fed RGH [21] . Although both control and treated animal groups started at similar weights (32.5 ± 1.13 kg), the group of sheep fed the Rhodesgrass hay plus the commercial concentrate gained about 4 kg over the experimental period, whereas the UTPF-fed group maintained their body weight. This indicates that the latter group had a lower body condition score and consequently lower body fat reserves. Body composition may influence the immune system, with its effect most probably mediated by leptin [8] . Leptin is a 16 Da protein produced by adipocytes and released into systemic circulation which acts as a master hormone controlling energy acquisition and utilization processes as well as the immune/inflammatory response [22] . Reduced level of leptin, a signal of energy reserve depletion (adipose tissue), appears to trigger the body to shut down non-essential body functions including those involved with immune and inflammatory responses [22] . Leptin influences lymphocyte proliferation and cytokine secretion [23] . This is in line with the low lymphocyte and monocyte counts in the current study. Pathological examination also indicated that animals fed UTPF had shown signs of chronic inflammation in the small intestine and nephritis, another sign of immune system compromise [3] . Low leptin levels caused by less adipose tissue in undernourished individuals reduced Th1 immune response resulting in increased susceptibility to infections [24] .
The trend of higher levels of protein in the urine of control than in that of treated animals is in line with findings of Mahgoub et al. [17] and Makkar (personal communication , 2007) , that animals fed higher levels of tannins tend to produce higher levels of nitrogen in the faeces and lower nitrogen levels in the urine. This is probably the cause of the trend of higher specific gravity of urine in these animals. 
Conclusions
In general the present study indicated that feeds containing anti-nutritional factors such as polyphenols and tannins, commonly fed to livestock around the world, may produce negative effects on livestock health, welfare and productivity. They appear to affect animal health in a combination of ways. Animals fed these feeds might have lower nutrient availability due to low digestibility resulting in macro and micro malnutrition. Malnutrition as a result of a combination of the above mentioned factors may result in lower body weight and consequently lower adipose tissue. This could result in a compromise of the body's immunity system, making the animal prone to infections and other ailments. The findings of this study did not show that there are significant effects of feeding sheep on diets containing tannins on the serum protein picture.
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